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Abstract: Background MRI with metal artifact reduction has gained importance in assessment of pain
with total hip arthroplasty (THA). However, its role in diagnosis of periprosthetic joint infection (PJI)
has not been well defined. Purpose To evaluate findings of PJI after THA and to determine the diagnostic
performance of 1.5-T MRI with metal artifact reduction. Materials and Methods Dedicated compressed
sensing-based slice encoding for metal artifact correction 1.5-T MRI examinations (from January 2015
to April 2018) in patients with THA PJI (infection group) and noninfected THA (control group) were
retrospectively evaluated by two musculoskeletal radiologists. Fisher exact test was used to compare the
groups. Sensitivity, specificity, and accuracy were evaluated for each finding. Interobserver reliability was
assessed with ฀ statistics. Results Forty patients (mean age, 69 years ± 11 [standard deviation]; 26 men)
in the infection group and 100 patients (mean age, 67 years ± 11; 42 men) in the control group were
evaluated. Periosteal reaction, capsule edema, and intramuscular edema differed between the two groups
(P < .001 for each finding). Periosteal reaction was found in 31 of 40 patients with infection and 10 of
100 participants in the control group (sensitivity, 78%; specificity, 90%; accuracy, 86%); capsule edema
was found in 33 of 40 (infection group) and five of 100 (control group) (sensitivity, 83%; specificity, 95%;
accuracy, 91%); and intramuscular edema was found in 38 of 40 (infection group) and 14 of 100 (control
group) (sensitivity, 95%; specificity, 86%; accuracy, 89%). Interobserver agreement was almost perfect,
with ฀ values between 0.88 and 0.92. No difference between the two groups was found regarding the
presence of osteolysis (infection group, 23 of 40; control group, 60 of 100), bone marrow edema (39 of 40
vs 87 of 100), effusion (20 of 40 vs 26 of 100), abductor tendon lesion (22 of 40 vs 62 of 100), or bursitis
(14 of 40 vs 34 of 100) (P > .05 for each finding). Conclusion The presence of periosteal reaction, capsule
edema, and intramuscular edema after total hip arthroplasty at 1.5-T MRI with metal artifact reduction
had a high accuracy in evaluation of periprosthetic joint infection. © RSNA, 2020 Online supplemental
material is available for this article. See also the editorial by Zanetti in this issue.
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T
otal hip arthroplasty (THA) is one of the most com-
mon orthopedic surgical procedures. Its frequency is 
expected to increase further, given our aging popula-
tion with higher expectations about their physical ac-
tivity and quality of life (1–3). The overall outcome 
of THA is excellent (4), but complications can occur. 
Among these, periprosthetic joint infection (PJI) is 
devastating. The rate of PJI after primary THA varies 
in the literature (5–7). It has been reported to be as 
high as 2.2% of patients after 10 years in a large epi-
demiologic study (5) and to contribute to about 15% 
of revision surgeries (8,9). Early detection of infection 
is crucial for successful treatment (10,11), but making 
the appropriate diagnosis can be challenging.
The diagnosis of PJI is based on a combination of 
clinical findings, laboratory evaluation of blood and 
synovial fluid, and intraoperative findings (10,12,13). 
Imaging is relevant for evaluation of differential diag-
noses of PJI but is not part of the 2018 PJI diagnostic 
criteria of the Musculoskeletal Infection Society (12). 
Conventional radiography is the first-line imaging tool 
for evaluation of THA. It gives information about the 
implant and adjacent bony structures. Rapid osteolysis 
suggests infection, but radiographs are of little value 
in soft-tissue assessment (14,15). US is helpful for as-
sessing periprosthetic collections (16), but collections 
are not always present with PJI. CT has been proven 
more accurate for periprosthetic soft-tissue evalua-
tion, such as assessment of joint or bursa distention, 
or fluid collections (17). However, alterations such as 
muscle edema or bone marrow edema can be difficult 
to identify with CT. Nuclear medicine examinations 
such as leukocyte–bone marrow scintigraphy or fluo-
rodeoxyglucose PET have been shown to be sensitive 
for diagnosis of PJI but less accurate in identification 
of differential diagnoses (18).
Since the development of advanced metal artifact–
reducing techniques, MRI has become an important 
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Background: MRI with metal artifact reduction has gained importance in assessment of pain with total hip arthroplasty (THA). 
However, its role in diagnosis of periprosthetic joint infection (PJI) has not been well defined.
Purpose: To evaluate findings of PJI after THA and to determine the diagnostic performance of 1.5-T MRI with metal artifact 
reduction.
Materials and Methods: Dedicated compressed sensing–based slice encoding for metal artifact correction 1.5-T MRI examinations 
(from January 2015 to April 2018) in patients with THA PJI (infection group) and noninfected THA (control group) were retro-
spectively evaluated by two musculoskeletal radiologists. Fisher exact test was used to compare the groups. Sensitivity, specificity, 
and accuracy were evaluated for each finding. Interobserver reliability was assessed with k statistics.
Results: Forty patients (mean age, 69 years 6 11 [standard deviation]; 26 men) in the infection group and 100 patients (mean age, 
67 years 6 11; 42 men) in the control group were evaluated. Periosteal reaction, capsule edema, and intramuscular edema differed 
between the two groups (P , .001 for each finding). Periosteal reaction was found in 31 of 40 patients with infection and 10 of 
100 participants in the control group (sensitivity, 78%; specificity, 90%; accuracy, 86%); capsule edema was found in 33 of 40 
(infection group) and five of 100 (control group) (sensitivity, 83%; specificity, 95%; accuracy, 91%); and intramuscular edema was 
found in 38 of 40 (infection group) and 14 of 100 (control group) (sensitivity, 95%; specificity, 86%; accuracy, 89%). Interobserver 
agreement was almost perfect, with k values between 0.88 and 0.92. No difference between the two groups was found regarding 
the presence of osteolysis (infection group, 23 of 40; control group, 60 of 100), bone marrow edema (39 of 40 vs 87 of 100), 
effusion (20 of 40 vs 26 of 100), abductor tendon lesion (22 of 40 vs 62 of 100), or bursitis (14 of 40 vs 34 of 100) (P . .05 for 
each finding).
Conclusion: The presence of periosteal reaction, capsule edema, and intramuscular edema after total hip arthroplasty at 1.5-T MRI 
with metal artifact reduction had a high accuracy in evaluation of periprosthetic joint infection.
© RSNA, 2020
Online supplemental material is available for this article.
This copy is for personal use only. To order printed copies, contact reprints@rsna.org
Galley et al
Radiology: Volume 296: Number 1—July 2020 n radiology.rsna.org 99
sign of infection (no clinical or laboratory findings suggestive 
of infection). The exclusion criterion was the same as for the 
group with infections.
MRI Examination
All patients underwent a standardized imaging protocol op-
timized for metal artifact reduction for hip prosthesis. MRI 
scans were acquired at 1.5 T (Magnetom Avanto Fit; Siemens 
Healthcare, Erlangen, Germany) by using an 18-channel sur-
face coil and a 32-channel spine coil. The protocol included a 
compressed sensing (CS)–based coronal short inversion time 
inversion-recovery (STIR) slice encoding for metal artifact 
correction (SEMAC) sequence; an axial STIR sequence; and 
high-bandwidth sequences in standard planes (axial and sag-
ittal T1, coronal T2). The CS SEMAC sequence was applied 
with 13 or 19 slice-encoding steps, 10 iterations, and a nor-
malization factor of 0.001 to achieve optimal image quality 
(24). Detailed imaging parameters are listed in Table 1.
MRI Analysis
All MRI examinations were anonymized and randomized 
by a person not involved in the analysis. The images were 
evaluated independently by two fellowship-trained mus-
culoskeletal radiologists (J.G., C.S.; both with 7 years of 
experience in musculoskeletal MRI) who were blinded to 
clinical data and the final diagnosis of hip infection. The 
readout was spread over 3 months for both readers (two to 
three examinations per day).
Periprosthetic bone.—Periprosthetic bone was assessed for 
the femur in each of the Gruen zones (25) and for the ac-
etabulum in the DeLee and Charnley zones (26). For clarity, 
periprosthetic bone regions were summarized as acetabu-
lum (DeLee and Charnley zones I, II, and III), entire shaft 
(Gruen zones 1–14), proximal shaft (Gruen zones 1, 7, 8, 
and 14), middle shaft (Gruen zones 2, 6, 9, and 13), and 
distal shaft (Gruen zones 3, 4, 5, 10, 11, and 12).
The following findings were evaluated: presence of peri-
implant lysis (defined as bone loss of 2 mm or more at 
bone-implant interface), bone marrow edema (defined as 
intramedullary hyperintensity on STIR sequence images), 
and periosteal reaction (defined as periosteal linear hyperin-
tensity on STIR sequence images).
Joint.—The prosthetic hip joint was evaluated for effusion 
(,3 mm, 3–6 mm, .6 to 10 mm, .10 to 20 mm, and 
.20 mm), measured as radial width between the prosthetic 
neck and joint capsule. Findings were categorized according 
to measurement (positive when greater than 10 mm), cap-
sule appearance (hypointense, edematous, lamellated), and 
medial and lateral capsule thickness (,3 mm, 3–6 mm, .6 
mm; summarized as positive when .6 mm).
Periprosthetic soft tissues.—Periprosthetic soft tissues (mus-
cles, subcutaneous tissues) were assessed for the presence of 
edema, fluid collection, or both, and its distribution (subcu-
taneous, intramuscular, along the surgical approaches). The 
Abbreviations
CS = compressed sensing, PJI = periprosthetic joint infection, 
SEMAC = slice encoding for metal artifact correction, STIR = short 
inversion time inversion recovery, THA = total hip arthroplasty
Summary
MRI with metal artifact reduction at 1.5 T was sensitive and specific 
for the diagnosis of periprosthetic hip joint infection.
Key Results
 n The sensitivity and specificity of periosteal reaction for peripros-
thetic hip joint infection were 78% and 90%, respectively.
 n The sensitivity and specificity of capsule edema for periprosthetic 
hip joint infection were 83% and 95%, respectively.
 n The sensitivity and specificity of intramuscular edema for peripros-
thetic hip joint infection were 95% and 86%, respectively.
modality in the assessment of arthroplasties (19,20). MRI 
findings of PJI have been proposed (21); however, their 
specificity and sensitivity have not been evaluated. To the 
best of our knowledge, the only specific PJI MRI finding is 
lamellated synovitis in knee arthroplasty (22). The purpose 
of this study was to evaluate findings of periprosthetic in-
fection after THA and to determine the diagnostic perfor-
mance of 1.5-T MRI with metal artifact reduction.
Materials and Methods
General written informed consent and permission to use the 
participants’ data for research purposes were obtained at the 
time of the MRI examination. For this retrospective study, a 
waiver was given by the ethics committee that no additional 
specific informed consent was necessary.
Study Sample
Patients with THA who were referred for hip MRI at Balgrist 
University Hospital from January 2015 to April 2018 were 
included in the study. All patients were older than 18 years.
Infection group.—Our clinical database was searched for 
patient files with the keywords hip/infection or hip/loosen-
ing. Patients with THA infection who had undergone MRI 
were included according to the following criteria: THA was 
performed more than 6 weeks before MRI; the patient met 
Musculoskeletal Infection Society criteria for the presence 
of a PJI (12) (Table E1 [online]); and the patient had a 
positive microbiologic finding from joint aspiration, an in-
traoperative sample, or both (obtained during revision sur-
gery) based on use of standard methods for detection and 
identification of microorganisms, as previously described 
(23). The exclusion criterion was symptomatic THA after 
recent trauma.
Control group.—Our picture archiving and communication 
system was searched for metal artifact–reducing hip MRI ex-
aminations performed during the same period. Inclusion cri-
teria were (a) MRI performed 6 weeks or more after THA and 
(b) 1 year of follow-up after MRI examination without any 
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Table 1: 1.5-T Hip MRI Protocol Optimized for Metal Artifact Reduction
Parameter
Coronal STIR CS- 
SEMAC Sequence
Axial STIR WARP*  
Sequence
Coronal T2 High- 
Bandwidth Sequence
Axial T1 High- 
Bandwidth Sequence
Sagittal T1 High- 
Bandwidth Sequence
TR/TE (msec) 4220/36 4000/31 4000/58 669/8.6 627/7.3
Refocusing flip angle (de-
grees)
140 150 150 180 180
Echo train length 9 11 15 3 3
No. of signals acquired 1 3 2 2 2
No. of slices 25 27 20 29 31
Section thickness (mm) 4 7 4 6 4
Spacing (mm) 4 8.75 6 8.4 4.4
Matrix 256 3 205 384 3 269 512 3 282 512 3 410 320 3 320
Field of view (mm2) 280 3 280 189 3 189 220 3 220 210 3 210 200 3 200
Bandwidth (Hz/pixel) 500 450 390 425 435
Inversion time (msec) 160 150 … … …
Slice encoding steps 19/13 … … … …
Acquisition time (min:sec) 06:19/05:01 03:56 02:28 02:17 01:59
Note.—CS = compressed sensing, SEMAC = slice encoding for metal artifact correction, STIR = short inversion time inversion recovery, 
TE = echo time, TR = repetition time.
* WARP; Siemens Healthcare, Munich, Germany.
features of a fluid collection, namely septations, communi-
cation with articulation, or both, were evaluated. Abductor 
tendons (gluteus medius and minimus) were classified re-
garding tendon quality (normal, tendinopathy, partial tear, 
avulsion), and the result was considered positive in the case 
of a partial tear or avulsion. The presence of bursitis (tro-
chanteric, iliopsoas, or both) and inguinal adenopathy was 
also evaluated.
Statistical Analysis
Statistical analysis was performed with software (SPSS, ver-
sion 23; IBM, Armonk, NY). The k statistic was used to 
assess interobserver agreement; a k value less than 0 was 
defined as no agreement, a k value of 0–0.20 was defined as 
slight agreement, a k value of 0.21–0.40 was defined as fair 
agreement, a k value of 0.41–0.60 was defined as moderate 
agreement, a k value of 0.61–0.80 was defined as substantial 
Figure 1: Flowchart shows patient inclusion and exclusion criteria. THA = total hip arthroplasty.
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Results
Patient Characteristics
We identified 322 patient files with the keywords hip/infec-
tion or hip/loosening. Twenty-six patients had not undergone 
THA, and 79 patients had never undergone hip MRI. Of 
the remaining patients, 177 did not meet the criteria for PJI 
(Fig 1). The infection group consisted of 40 patients with 
THA infection (14 women, 26 men; mean age, 69 years 6 
11 [standard deviation]). Twenty-six patients had undergone 
agreement, and a k value of 0.81–1 was defined as almost 
perfect agreement (27,28). The x2 test and Fisher exact test 
were used to determine whether there was a difference be-
tween the frequencies of the findings between groups. As 
12 findings were evaluated, P values were adjusted by using 
Bonferroni correction; P , .004 indicates a significant dif-
ference. Sensitivity, specificity, and accuracy were evaluated 
for each finding. Exact McNemar test was used to compare 
sensitivity, specificity, and accuracy between the two read-
ers. For demographic data, the t, x2, and Fisher exact tests 
were applied to compare the groups.
Table 2: Patient Characteristics for Infection and Control Groups
Characteristic Infection Group (n = 40) Control Group (n = 100) P Value
Patients
 Age (y)* 69 6 11 67 6 11 .59
 Sex … … .02
  Male 26 42 …
  Female 14 58 …
 Body mass index (kg/m2)† 29 (18–40) 28 (18–43) .09
 Diabetes 6 7 .13
THA
 Side … … .26
  Right 25 49 …
  Left 15 51 …
 Type of arthroplasty … … .06
  Metal or ceramic/polyethylene 38 82 …
  Metal/metal 2 18 …
  Cemented 7 12 .41
 Indication for THA
  Primary OA 31 76 …
  Secondary OA 4 13 …
   Dysplasia 0 8 …
   Osteonecrosis 2 1 …
   Perthes 0 2 …
   Posttraumatic 2 2 …
  Fracture 5 11 …
  Revised THA 14 24 .52
   Infection 4 4 …
   Abductor insufficiency 0 4 …
   Implant related 7 12 …
   Luxation 2 4 …
   Periprosthetic fracture 1 0 …
MRI
 Mean interval between arthroplasty and MRI (mo)† 46 (2–264) 100 (7–371) .001
 MRI indication
  Suspicion of infection 22 7 …
  Suspicion of loosening 6 26 …
  Abductor evaluation 7 41 …
  Suspicion of implant-related complications 0 17 …
  Nonspecific pain 5 9 …
Note.—OA = osteoarthritis, THA = total hip arthroplasty.
* Data are mean 6 standard deviation.
† Data are the mean, and data in parentheses are the range.
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Table 3: Frequency, Statistical Significance, and k Values
Finding and Location








(n = 100) P Value k Value
Osteolysis .2 mm
 Shaft
  Entire 23 60 .85 26 70 .69 0.76 (0, 61, 0.87)
  Proximal third 23 59 ..99 25 66 .7 0.76 (0.63, 0.87)
  Middle third 13 33 ..99 16 44 .71 0.61 (0.48, 0.74)
  Distal third 6 12 .59 7 14 .1 0.66 (0.49, 0.79)
 Acetabulum 9 25 .83 13 34 ..99 0.7 (0.57, 0.82)
Bone edema
 Shaft
  Entire 39 87 .06 38 95 ..99 0.33 (0.04, 0.60)
  Proximal third 36 82 .03 35 87 ..99 0.48 (0.24, 0.67)
  Middle third 29 73 ..99 35 85 .8 0.41 (0.23, 0.57)
  Distal third 32 46 ,.001* 33 65 .04 0.52 (0.39, 0.66)
 Acetabulum 24 59 ..99 28 60 .33 0.42 (0.25, 0.57)
Periosteal reaction
 Shaft
  Entire 31 10 ,.001* 32 14 ,.001* 0.92 (0.84, 0.98)
  Proximal third 24 2 ,.001* 28 2 ,.001* 0.87 (0.75, 0.96)
  Middle third 28 5 ,.001* 25 11 ,.001* 0.79 (0.65, 0.90)
  Distal third 19 6 ,.001* 18 7 ,.001* 0.95 (0.87, 1)
 Acetabulum 19 4 ,.001* 29 7 ,.001* 0.72 (0.58, 0.86)
Effusion 20 26 .009 24 25 ,.001* 0.63 (0.49, 0.76)
Capsule edema 33 5 ,.001* 31 8 ,.001* 0.88 (0.77, 0.95)
Capsule thickness .6 mm
 Lateral 23 18 ,.001* 14 13 .004 0.42 (0.25, 0.59)
 Medial 19 7 ,.001* 8 6 .25 0.37 (0.15, 0.56)
Subcutaneous edema 31 22 ,.001* 30 29 ,.001* 0.85 (0.75, 0.93)
Intramuscular edema
 Overall 38 14 ,.001* 39 15 ,.001* 0.88 (0.78, 0.95)
 Along surgical approach 31 9 ,.001* 33 11 ,.001* 0.73 (0.59, 0.85)
 Nonsurgical approach 36 6 ,.001* 37 7 ,.001* 0.87 (0.76, 0.95)
Abductor tendon lesion
 Gluteus minimus 16 40 ..99 26 63 .85 0.8 (0.70, 0.91)
 Gluteus medius 22 62 .45 16 41 ..99 0.78 (0.66, 0.88)
Fluid collection
 Subcutaneous
  Along surgical approach 14 5 ,.001* 17 4 ,.001* 0.7 (0.50, 0.87)
  Nonsurgical approach 3 0 .02 1 0 .29 0.5 (0, 1)
 Intramuscular (subfascial)
  Along surgical approach 23 7 ,.001* 24 7 ,.001* 0.77 (0.62, 0.88)
  Nonsurgical approach 11 2 ,.001* 9 1 ,.001* 0.68 (0.42, 0.81)
 Articular communication 23 8 ,.001* 21 12 ,.001* 0.76 (0.61, 0.88)
 Septation 23 4 ,.001* 19 7 ,.001* 0.74 (0.59, 0.88)
Bursitis
 Trochanteric 14 34 ..99 14 35 ..99 0.8 (0.69, 0.89)
 Iliopsoas 7 9 .32 10 10 .03 0.81 (0.63, 0.94)
Inguinal adenopathy 6 0 ,.001* 9 0 ,.001* 0.79 (0.43, 1)
Note.—Data represent different findings for both readers for both groups. Except where otherwise specified, data are numbers of patients; 
95% confidence intervals are in parentheses.
* Data indicate a significant difference.
Galley et al
Radiology: Volume 296: Number 1—July 2020 n radiology.rsna.org 103
Detailed demographic data for both groups are shown 
in Table 2.
MRI Findings
MRI findings and their diagnostic performance in the detection 
of PJI are detailed in Tables 3, 4, and E2 (online). The difference 
between the PJI and control groups was significant (P , .004) 
for both readers for the following findings: periosteal reaction, 
capsular edema, subcutaneous edema, intramuscular edema, 
subcutaneous fluid collection in the area of surgical approach, 
intramuscular fluid collection, presence of articular communica-
tion or septation of collections, and inguinal adenopathy.
The presence of periosteal reaction (Fig 2), capsule edema (Fig 
3), or intramuscular edema (Fig 4) was most significant for diag-
nosing PJI. For reader 1, shaft periosteal reaction demonstrated a 
sensitivity of 78%, a specificity of 90%, and an accuracy of 86% 
in the detection of PJI. Capsule edema showed a sensitivity of 
83%, a specificity of 95%, and an accuracy of 91%. For intra-
muscular edema, the values were 95%, 86%, and 89%, respec-
tively. The intramuscular location of a fluid collection, its com-
munication with the joint, and the presence of septation were 
highly specific (93%, 92%, and 96%, respectively), although less 
sensitive (58% for each finding) (Fig 5). Sensitivity, specificity, 
and accuracy of the aforementioned findings from reader 2 were 
not statistically different from those of reader 1 (all P . .6).
No difference between the groups was found regarding the 
presence of shaft osteolysis (reader 1, P = .85; reader 2, P = 
.69), acetabulum osteolysis (reader 1, P = .83; reader 2, P . 
.99), shaft bone marrow edema (reader 1, P = .06; reader 2, P 
. .99), acetabulum bone marrow edema (reader 1, P . .99; 
reader 2, P = .33), effusion (reader 1, P = .009; reader 2, P , 
.001), gluteus minimus lesion (reader 1, P . .99; reader 2, P = 
a primary THA, and 14 (35%) of 40 patients had undergone 
a revision. The mean interval between arthroplasty and MRI 
was 46 months (range, 6 weeks to 264 months). Twenty-seven 
patients had positive microbiologic findings with joint aspira-
tion and surgery sampling, nine had positive findings with 
surgery sampling only, and four had positive findings with 
joint aspiration only. The pathogens found with culture were 
the following: Staphylococcus epidermidis (11 cases), Staphy-
lococcus aureus (seven cases), Propionibacterium avidum (five 
cases), Propionibacterium acnes (three cases), methicillin-resis-
tant Staphylococcus aureus (two cases), Streptococcus dysgalac-
tiae (two cases), other Streptococcus species (pneumoniae and 
agalactiae, one case each), other Staphylococcus species (caprae 
and saccharolyticus, one case each), Anaerococcus murdochii 
(one case), Enterococcus faecium (one case), Escherichia coli 
(one case), Klebsiella pneumoniae (one case), Morganella mor-
ganii (one case), and mixed flora infection (Finegoldia magna, 
Proteus mirabilis, and Actinomyces europaeus; one case).
The control group consisted of 100 patients (58 women, 42 
men; mean age, 67 years 6 11 [standard deviation]). Seventy-
six patients had undergone primary THA, and 24 (24%) had 
undergone revision. The mean interval between arthroplasty 
and MRI was 100 months (range, 7–371 months). Thirty-
five patients had undergone joint aspiration (indications: be-
fore every revision surgery, exclusion of low-grade infection) 
with no sign of infection. The diagnoses were as follows: 52 
musculotendinous complications (abductor tendon tear, ilio-
psoas irritation or impingement, iliotibial band disorder); 25 
cases of aseptic loosening; 13 other implant-related complica-
tions (wear, dislocation, metallosis, pseudotumor); eight cases 
of trochanteric bursitis; one stress fracture; and one case of 
symptomatic heterotopic ossifications.
Table 4: Total Hip Arthroplasty Periprosthetic Joint Infection at MRI: Diagnostic Performance of Most Relevant Findings
Finding and Location Sensitivity (%) Specificity (%) Accuracy (%)
Periosteal reaction, shaft 78 (61.6, 89.2) 
[31/40]
90 (82.4, 95.1) 
[90/100]
86 (79.6, 91.6) 
[121/140]
Capsule edema 83 (67.2, 92.7) 
[33/40]
95 (88.7, 98.4) 
[95/100]
91 (85.5, 95.5) 
[128/140]
Intramuscular edema
 Overall 95 (83.1, 99.4) 
[38/40]
86 (77.6, 92.1) 
[86/100]
89 (82.1, 93.3) 
[124/140]
 Along surgical approach 78 (61.6, 89.2) 
[31/40]
91 (83.6, 95.8) 
[91/100]
87 (80.4, 92.2) 
[122/140]
 Nonsurgical approach 90 (76.3, 97.2) 
[36/40]
94 (87.4, 97.8) 
[94/100]
93 (87.3, 96.5) 
[130/140]
Fluid collection
 Intramuscular (subfascial), surgical approach 58 (40.9, 73.0) 
[23/40]
93 (86.1, 97.1) 
[93/100]
83 (75.6, 88.7) 
[116/140]
 Intramuscular (subfascial), nonsurgical approach 28 (14.6, 43.9) 
[11/40]
98 (93.0, 99.8) 
[98/100]
78 (70.0, 84.4) 
[109/140]
 Articular communication 58 (40.9, 73.0) 
[23/40]
92 (84.8, 96.5) 
[92/100]
82 (74.8, 88.1) 
[115/140]
 Septation 58 (40.9, 73.0) 
[23/40]
96 (90.1, 98.9) 
[96/100]
85 (78.0, 90.5) 
[119/140]
Note.—Data shown are for reader 1. Data in parentheses are 95% confidence intervals, and raw data are in brackets.
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(k = 0.76), presence of collection septation (k = 0.74), and 
subcutaneous collection (k = 0.71); and moderate for bone 
marrow edema (k = 0.48) and capsule thickness (k = 0.43).
Discussion
Periprosthetic joint infection (PJI) after total hip arthro-
plasty (THA) is a serious complication and must be di-
agnosed as soon as possible because early management is 
critical to minimize morbidity. MRI has been shown to be 
effective in evaluation of painful hip arthroplasty (21,29); 
however, to our knowledge, no specific MRI findings for 
PJI have been described. This study examined the value of 
MRI in assessing PJI after THA. The presence of perios-
teal reaction, capsule edema, or intramuscular edema was 
.85), gluteus medius lesion (reader 1, P = .45; P . .99), medial 
(reader 1, P , .001; reader 2, P = .25) and lateral (reader 1, P 
, .001; reader 2, P = .004) capsule thickness, trochanteric bur-
sitis (reader 1, P . .99; reader 2, P . .99), or iliopsoas bursitis 
(reader 1, P = .32; reader 2, P = .03). There was no lamellated 
morphologic appearance of the joint capsule found by either 
reader in any of the cases.
Interobserver Agreement
Interobserver agreement was almost perfect for periosteal re-
action (k = 0.92), capsule edema (k = 0.88), muscle edema 
(k = 0.88), and subcutaneous edema (k = 0.85); substantial 
for bursitis (k = 0.80), adenopathy (k = 0.79), intramuscular 
collection (k = 0.77), communication of collection with joint 
Figure 2: MRI scans show periosteal reaction. A, B, Coronal short inversion time inversion-recovery (STIR) compressed 
sensing slice encoding for metal artifact correction and, C, D, axial STIR MR images in four patients. In, A, and, C, linear 
hyperintensity (arrows) represents periosteal reaction in two patients with proven total hip arthroplasty periprosthetic joint 
infection. B, D, For comparison, images in patients from the control group without periosteal reaction are shown.
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Figure 3: Coronal short inversion time inversion-recovery compressed sensing slice encoding for metal artifact correction MRI scans show capsule edema in 
eight different patients with total hip arthroplasty (THA). A–D, Images in four patients with periprosthetic joint infection. MRI scans demonstrate thickened capsule 
(dotted lines) with capsule hyperintensity corresponding to capsule edema. E–H, Images in four patients without THA infection depict variable capsular thickness 
(dotted lines) but no capsule edema.
Figure 4: Axial short inversion 
time inversion recovery MRI scans 
show intramuscular edema in 
four different patients with proven 
periprosthetic joint infection with 
different amounts of edema: A, mild; 
B, C, moderate; and, D, severe. A, 
Intramuscular hyperintensity (arrow) 
corresponds to mild intramuscular 
edema in the vastus intermedius. B, 
Image shows moderate edema in 
the vastus medialis (white arrow) 
and tensor fasciae latae (black 
arrow). C, Image shows moderate 
edema in the vastus lateralis (white 
arrow) and adductor magnus 
(black arrow). D, Image shows 
severe edema in the vastus lateralis 
(white arrow), adductor magnus 
(black arrow), and vastus interme-
dius ().
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significantly different between the groups (P , .004) and 
showed high sensitivity (78%, 83%, and 95%, respectively), 
specificity (90%, 95%, and 86%, respectively), and accu-
racy (86%, 91%, and 89%, respectively) for PJI.
Patients with PJI can present with acute symptoms, in-
cluding pain, swollen joints, fever, or the presence of a si-
nus tract (30). Nevertheless, the clinical presentation can be 
nonspecific. The criteria proposed by the Musculoskeletal 
Infection Society (12) are based on synovial, serum, and 
intraoperative findings. Because joint aspiration has better 
diagnostic accuracy than serum analysis (31), it is usually es-
sential for the diagnosis of PJI. In addition to microbiologic 
culture, different synovial markers have been introduced: 
leukocyte count, polymorphonucleocyte percentage, levels 
of C-reactive protein, a-defensin, leukocyte-esterase, and 
interleukins. According to a meta-analysis (32), all of these 
show a high specificity (range, 86%–96%) and an overall 
sensitivity greater than 80%, except for culture, which has 
a lower sensitivity of only 62%. Indications for diagnostic 
joint aspiration remain broad because of the often nonspe-
cific clinical symptoms (33,34). Thus, additional diagnos-
tic criteria, such as imaging findings, would be valuable to 
better select and reduce the number of patients undergoing 
joint aspiration.
In the American College of Radiology Appropriateness 
Criteria for evaluation of painful THA, radiography is con-
sidered to be the first examination (35). New and fast-de-
veloping periprosthetic osteolysis is suggestive of infection, 
but radiographic findings are often normal (15,17,36). US is 
useful in evaluating soft tissues and is almost comparable to 
MRI in detecting periprosthetic collections (16). Its value in 
assessing muscle edema and vascularization (37,38) has never 
been evaluated in the context of PJI, and evaluation of deep 
alterations can be challenging. CT, however, was shown by 
Cyteval et al (17) to be sensitive and specific when at least one 
soft-tissue abnormality (joint distention, fluid-filled bursae, 
or fluid collections) was used to diagnose PJI. They found 
a sensitivity of 41% and a specificity of 100% for intra- or 
Figure 5:  MRI scans show collections in different patients with proven periprosthetic joint infection. A, Axial short inversion time 
inversion-recovery (STIR) MRI scan shows subcutaneous collection with articular communication. Note thin septations (white arrow) 
and debris (black arrow). B, Axial STIR MRI scan shows thick septations (arrow) in subfascial collection. C, Axial STIR and, D, coro-
nal STIR compressed sensing slice encoding for metal artifact correction images in the same patient depict intramuscular collection 
(in the vastus intermedius) ().
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perimuscular fluid collections. Our results are consistent with 
these findings for intramuscular fluid collection (sensitivity 
range, 28%–58%; specificity range, 75%–100%). Although 
intramuscular collections are specific for PJI, they are not al-
ways present. Periosteal bone formation was found by Cyteval 
et al (17) to be very specific (100%) but with low sensitivity 
(16%). In our study, periosteal reaction was highly specific 
(90%) and sensitive (78%).
In native joints, MRI is the imaging modality of choice 
when septic arthritis is suspected. Synovial enhancement 
or thickening, perisynovial edema, periarticular soft-tissue 
edema, periosteal reaction, and concomitant osteomyelitis 
are associated with septic arthritis (39,40). Our findings for 
PJI in the setting of THA are similar with regard to capsule 
edema, muscle edema, and collections.
Leukocyte scintigraphy and PET have been shown to be 
highly accurate in diagnosis of PJI, with sensitivity ranging 
from 69% to 88% and specificity ranging from 75% to 96% 
(18,41–43). Our results show that MRI has diagnostic ac-
curacy within this range, with sensitivity between 78% and 
95% and specificity ranging from 86% to 95%. However, 
these nuclear examinations are often nonspecific regarding 
potential differential diagnoses.
A limitation of our study was that only a subset of the con-
trol group underwent joint aspiration; some patients were not 
initially referred because PJI was suspected or did not fulfill 
the criteria for aspiration. Although the control group did 
not show signs of infection at follow-up, the possibility of a 
low-grade infection cannot be completely excluded. Another 
limitation was that the control group consisted only of symp-
tomatic patients. An evaluation of findings in asymptomatic 
populations would be helpful for comparison. Finally, no 
multivariable analysis was performed.
In conclusion, the presence of periosteal reaction, capsule 
edema, and intramuscular edema after total hip arthroplasty 
at 1.5-T MRI with metal artifact reduction had a high ac-
curacy in evaluation of periprosthetic joint infection. Imag-
ing is currently not part of the Musculoskeletal Infection 
Society criteria for diagnosing periprosthetic joint infection; 
however, with advances in MRI, this recommendation may 
be changed in the future.
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